Purpose: To describe the histopathology of the cornea in microphthalmia with linear streaks (MLS) syndrome.
M icrophthalmia with linear skin defects (MLS) was previously known as MIDAS syndrome for the 3 prominent findings of microphthalmia, dermal aplasia, and sclerocornea. The genetic defect in this syndrome has been identified as deletion or translocation of the distal arm of the X chromosome, leading to Xp22.3 monosomy. 1 The most common ocular findings associated with this syndrome are microphthalmia and sclerocornea. Several systemic findings are also associated with this syndrome, ranging from structural to developmental defects. 2, 3 Although the ocular findings and their variations have been described clinically in this syndrome, 3 to the best of our knowledge, the corneal pathology has not been previously reported. In this study, we report the clinical findings and corneal pathology encountered in 2 cases of MLS syndrome.
MATERIALS AND METHODS
Both patients in this study were the product of nonconsanguinous unions and uneventful, term pregnancies. They underwent penetrating keratoplasty (PKP) by using standard techniques by 1 surgeon (E.T.). All surgeries were performed with informed consent and in compliance with HIPAA.
Case 1
N.V. (Fig. 1 ) was a 1-month-old girl referred to the University of Illinois at Chicago Pediatric Service with a diagnosis of MLS syndrome confirmed by the characteristic deletion in the X chromosome on genetic analysis. As shown in Figure 1 , the patient exhibited the characteristic linear streaks seen on the face in patients with MLS syndrome. She also had an imperforate anus but no cardiac or central nervous system abnormalities.
Ocular examination at 1 month showed microphthalmos in both eyes with small corneas (2.5 mm right eye; 5 mm left eye; Fig.  2 ). Although she had vascularized opaque corneas in both eyes, there was some central clearing in the left eye ( Fig. 2) . A red reflex with irregular pupillary borders was visible on transillumination in the left eye, and the retina was attached on B scan ultrasonography. The anterior chamber depth could not be assessed, and the posterior pole details were not visible. The left cornea showed minimal clearing centrally over the first 2-3 months, but details of the anterior chamber structures still could not be seen. However, it seemed that the child had at least light perception vision. After this initial central clearing, the left cornea again became opaque because the intraocular pressure (IOP) rose to 40 mm Hg.
With informed consent, a corneal transplant was performed in the left eye, and an Ahmed valve was placed in an attempt to control elevated IOP. During PKP, it was noted that the crystalline lens was in apposition with the posterior surface of the cornea, and it was spontaneously delivered while removing the corneal button. PKP was completed with an extensive anterior vitrectomy and the seton tube placed through a limbal approach. The graft size was 5.5 mm, and the periphery included edges of the vascularized scleralized cornea. At 3 months, her pressure was well controlled, with a clear graft. However, 6 months after surgery, the patient developed a total retinal detachment. Repair of the retinal detachment was recommended but the family declined.
Case 2
Patient 2 was referred to the University of Texas Health Science Center Clinic at San Antonio for evaluation of bilateral corneal opacities and microphthalmia with corneas that measured ;5 mm in diameter in both eyes. The corneoscleral junctions of both corneas were indistinct and difficult to delineate. Genetic testing showed that the patient was a 46, XX phenotypic MLS boy with several systemic findings. Fluorescence in situ hybridization chromosomal analysis confirmed a Yp to Xp translocation, which most probably accounts for the male phenotype. 4 The associated systemic findings included agenesis of the corpus callosum, colpocephaly, linear streaks over the face and neck, imperforate anus, hypospadias, and a secundum atrial septal defect.
On initial ocular examination, he was found to have diffuse corneal clouding of the right eye ( Fig. 3A ) and vascularized sclerocornea of the left eye ( Fig. 3B) , with central corneal clearing in both eyes. IOPs rose to 40 mm Hg in both eyes, with progressive buphthalmos of the left eye.
An examination under anesthesia showed a malformed, nasally displaced lens in the right eye with an irregular but intact iris 360°. The posterior pole was not visible, but an ultrasound confirmed the absence of retinal abnormalities without significant disc cupping. Examination of the left eye showed an anteriorly displaced lens that was adherent to the central cornea. A normal optic nerve and retina were noted without posterior colobomas. Axial lengths were noted to be 17.7 and 18.7 mm in the right and left eyes, respectively. Visual evoked potentials and electroretinogram findings were normal for his age group. The IOP of the right eye was controlled with medications, but an endoscopic laser ciliary ablation was necessary for IOP control in the left eye.
A PKP that was scheduled for his left eye was deferred because of a spontaneous retinal detachment. Repair of the detachment was offered to the family, but the parents chose not to proceed. Because of progressive corneal clouding of the right eye, PKP and lens extraction were performed with informed consent when the child was 7 months of age. An intraoperative examination of the retina confirmed an attached retina and normal optic nerve. The patient did well postoperatively, with an improvement in social responsiveness and vision. One month after surgery, a suture abscess led to graft rejection and subsequent opacification. The patient was followed with serial ultrasonography and developed a total retinal detachment at 14 months of age. The family elected not to pursue further surgery.
Histopathology
The corneal buttons from both of these patients were submitted for histopathology and examined by light microscopy. Electron microscopy was not performed. To investigate whether the sclera-like fibers seen on light microscopy had immunohistochemical features of corneal or scleral extracellular matrix, analysis was performed by Keratan sulfate (KS) immunostaining was performed because it is the major glycosaminoglycan seen in corneal stroma and is minimally present in sclera, 5 whereas collagen type III is mainly expressed in sclera and is a minor component of normal cornea. 6 
RESULTS
On light microscopy, attenuated epithelium was noted in both corneal buttons ( Figs. 4 and 5) . The Bowman layer was absent in both specimens except for a focal area in the periphery (Figs. 4 and 5) . In both patients, the superficial stroma had irregularly arranged collagen lamellae anteriorly that became more uniform posteriorly ( Figs. 4 and 5 ). There was vascularization of the anterior stroma in patient 1 (Fig. 4) . The Descemet membrane was absent centrally with a thin rudimentary membrane in the midperiphery (Figs. 4 and 5) . Endothelial cells were absent in both specimens (Figs. 4 and 5). In patient 1, fragments of atrophic iris with intact pigment epithelium were adherent to the posterior corneal surface in the periphery (Fig. 4) . Also, the PKP specimen from patient 1 included rudimentary angle structures with a few trabecular beams and an absent Schlemm canal (data not shown). The crystalline lenses of both patients were small, spherical, and cataractous.
On immunohistochemical staining, the normal control corneas showed intense anti-KS immunostaining of the central stroma (Fig. 6A) . The patients' corneas also showed anti-KS intense labeling of the central stroma with additional intense labeling in the periphery (Fig. 6B ). Collagen type III immunoreactivity was absent in normal corneas (Fig. 6C ), but moderate labeling of the sclera was noted (data not shown). The patients' corneal buttons also showed anti-collagen type III labeling in the periphery with a lack of central corneal stroma immunostaining (Fig. 6D ). Because of intense anti-KS labeling of central corneal stroma with lack of central anticollagen type III labeling, it was concluded that the extracellular matrix in these MLS corneas resembled that seen in the normal cornea.
DISCUSSION
Although sclerocornea is a prominent finding in ;40% of cases 7 of MLS syndrome, its pathologic findings have not previously been described, to our knowledge. This paper highlights the pathologic findings in sclerocornea.
The corneal findings of central clearing and peripheral opacification in our patients is typical of sclerocornea. 8 However, other associated findings such as lenticulo-corneal touch and an absent Descemet membrane were suggestive of Peterstype anomaly and have been previously described clinically in sclerocornea with and without MLS syndrome. 9,10 These findings suggest that the 2 diseases are part of a spectrum of anterior segment dysgenesis. 8, 9 Congenital glaucoma can be a feature of MLS syndrome, Peters anomaly, and sclerocornea. [10] [11] [12] The glaucoma seen in MLS syndrome is probably secondary to poor development of the anterior chamber angle as suggested by the pathologic findings in patient 1 that showed maldevelopment of the chamber angle structures. In the first case, IOP control was not achieved with glaucoma medications and needed surgical intervention. However, in the second case, adequate control was achieved with topical medications before the corneal transplant. The literature is unclear about glaucoma management in this group of patients. The complex nature of postoperative events in our small series does not offer additional information on the management of glaucoma in such patients.
In both cases, retinal detachments occurred after PKP. Retinal detachment is a recognized complication of PKP in children. [13] [14] [15] Corneal transplants in patients with microcornea can be challenging, and the utmost caution must be exercised before recommending surgery. 10, 16 On the other hand, PKP in patients with Peters anomaly and sclerocornea have maintained clear grafts in children of similar age. 10, 13, 14 Although the pathologic changes of sclerocornea in MLS syndrome have not been previously described, the light microscopic findings in both cases were similar to that previously described in cases of sclerocornea, which includes an absent Bowman layer, stromal changes, and a rudimentary Descemet membrane. 8, 9 Of note in our cases were the histopathologic features that are typical of Peters anomaly. These included the absence of the Descemet membrane and endothelium centrally with lenticulo-corneal and iridocorneal adhesions. [9] [10] [11] Kim et al 8 and Spencer 9 have described similar cases of sclerocornea with Peters-like histopathologic findings in patients without MLS syndrome. Furthermore a case of MLS with Peters-like clinical findings has recently been described clinically. 3 These findings again suggest that corneal and anterior segment changes in MLS may histologically fall within the spectrum of faulty development of the anterior segment.
In this report, we also characterized the immunophenotypic features of the extracellular matrix in sclerocornea. By light microscopy, the collagen fibers in sclerocornea are thickened and are irregularly arranged. Electron microscopic studies performed by other investigators have confirmed that the collagen fibers in sclerocornea are greater in diameter than normal cornea and irregularly arranged, suggesting that the cornea was composed of scleral-like fibers. 8, 17 The results of immunolabeling experiments using anti-KS and anti-collagen type III antibodies to determine the origin of the corneal extracellular matrix suggested that the corneal extracellular matrix of corneas in MLS resembled cornea and not sclera. There was intense anti-KS labeling centrally without anticollagen type III labeling. KS is predominately seen in corneal tissue, whereas collagen type III is predominately seen in the sclera. 6 These results are similar to those previously published analyzing corneal tissue in sclerocornea without MLS syndrome. 18 Interestingly, mutant mice deficient in keratocan, lumican, or mimecan produce cloudy corneas with collagen fibers that were abnormally large in diameter, suggesting that these KS proteoglycans play an important role in corneal fibrillogenesis. 19 Given the fact that scleralized corneas contain the KS proteoglycan, one could speculate that dysfunctional core proteins and abnormal proteoglycans in these corneas lead to formation of large-diameter corneal collagen fibers, originally identified as scleral fibers, and result in the clinically observed opacification.
In summary, we described the clinical features and histopathology of 2 patients with MLS syndrome with a spectrum of findings, suggesting anterior segment dysgenesis. Furthermore, immunohistochemical labeling of the 
